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Multiple genetic subtypes and intersubtype recombinant strains have been identified among isolates of HIV-1. The
greatest diversity of strains has been recovered from Central Africa, where mixtures of subtypes and recombinant forms
have been recovered. However, many of the HIV-1 subtypes and recombinants have been characterized by partial rather than
full-length genome sequencing. Here we report the first two virtually full-length genome sequences from HIV-1 subtype G,
isolated in Sweden and Finland but originating in Congo and Kenya, and from two Djibouti isolates sharing the A/G
recombinant structure of Nigerian isolate, IbNG. By comparison with reference sequences of other subtypes, it appears that
the subtype G strains are largely nonrecombinant, while the Djibouti strains show alternating segments from subtypes A and
G. In the cytoplasmic domain of the gp41 protein of the Djibouti viruses the E, G, and IbNG strains form a single cluster,
separate from subtype A, clouding the subtype origin of these particular segments. Within the resolution of current
technology, the structure of the Djibouti strains is identical to that of IbNG, establishing for the first time the geographic
spread of this recombinant in Africa. The geographic spread of the IbNG-like strains suggests that, like the subtype E
recombinants, these should be given a specific name to facilitate future identification and tracking; the name ‘‘IbNG subtype’’
is proposed. © 1998 Academic Press
INTRODUCTION
The global HIV-1 epidemic has been intensively char-
acterized by genetic analysis. At least eight genetic sub-
types in the main (M), or prevalent, group and a low
prevalence, highly diverse outlier (O) group have been
identified (Theoretical Biology and Biophysics Group,
1995; Burke and McCutchan, 1997; Brodine et al., 1997;
McCutchan, 1998). In addition, 10% or more of the strains
that have been characterized by sequencing of large
genome regions, or of smaller regions of different struc-
tural genes, appear to be intersubtype recombinants
(Robertson et al., 1995a,b; Cornelissen et al., 1997; Åsjo¨
et al., 1997; McCutchan, 1998).
With the recognition that both distinct subtypes and
recombinants often cocirculate in populations, particu-
larly in Central Africa where the greatest diversity of
HIV-1 strains has been recovered (Hu et al., 1996; Burke
and McCutchan, 1997; McCutchan, 1998), the limitations
of partial genome sequencing have become more appar-
ent. Improvements in PCR technology now permit effi-
cient amplification, cloning, and sequencing of virtually
full-length HIV-1 genomes (Salminen et al., 1995b). Al-
though significant growth in the database for full-length
HIV-1 genomes has occurred, many of the prevalent
subtypes and a variety of recombinant forms lack fully
sequenced genomes.
The value of full-genome sequencing for HIV-1 has
been repeatedly demonstrated. The subtype E viruses,
previously at low prevalence, established a major new
epidemic in Southeast Asia. Initially the partially se-
quenced new subtype was termed subtype E (Theoreti-
cal Biology and Biophysics Group, 1995) but later proved
to be an A/E recombinant strain when the first full ge-
nomes were analyzed (Carr et al., 1996; Gao et al., 1996).
One of the earliest identified HIV-1 strains, Z321, isolated
from a child in Zaire and used for production of one of the
candidate HIV-1 vaccines currently being evaluated in
clinical trials, was thought to be subtype A based on
envelope sequence (Getchell et al., 1987; McCutchan et
al., 1998) but was found to be an A/G recombinant when
the full genome was examined (Choi et al., 1997).
Here we describe the first available full-length ge-
nomes of HIV-1 subtype G. This subtype has been found
primarily in Central and West Africa (Louwagie et al.,
1993, 1995; Abimiku et al., 1994; Janssens et al., 1994). A
nosocomial epidemic in Russia was associated with this
subtype (Bobkov et al., 1996a) and several studies in
Europe (Salminen et al., 1993; Cheingsong-Popov et al.,
1993; Mulder-Kampinga et al., 1993; Bobkov et al., 1994,
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1996b; Leitner et al., 1995; Simon et al., 1996; Liitsola et
al., 1996) have identified subtype G infections. Currently
the database provides several subtype G gag and enve-
lope gene sequences (Theoretical Biology and Biophys-
ics Group, 1995), but the subtype of other genomic re-
gions is unknown. With the availability of new full-ge-
nome sequences of subtype G, obtained from Kenya and
Congo, the complete characterization of the G recombi-
nant strain IbNG from Nigeria (Howard et al., 1994;
Howard and Rasheed, 1996) could be completed for the
first time. IbNG is a unique A/G recombinant with a
structure different from Z321. Two strains from Djibouti
(Louwagie et al., 1995), whose complete sequence is
also reported here, share the A/G recombinant structure
of strain IbNG.
RESULTS
Overview of the sequences
The virus sequences reported here are from strains
SE6165 and HH8793, presumably originating in Congo
and in Kenya, respectively, and DJ263 and DJ264 from
Djibouti. Both of the Djibouti viruses had open reading
frames for all of the structural and regulatory genes.
In-frame stop codons in the envelope genes of the
clones of SE6165 and HH8793 probably render them
nonfunctional. The rev protein of SE6165 terminates 16
amino acids short, and the vif gene of HH8793 has an
in-frame stop codon near the 59 end. Other reading
frames are open and encode proteins of the expected
length.
The subtype G viruses
Phylogenetic analysis of the virtually complete ge-
nome of viruses from the major subtypes shows that the
two G viruses and the two Djibouti viruses each form a
specific, separate cluster with high bootstrap values (Fig.
1). The two new G viruses cluster with each other and
are distinct from any other subtype. The two new Djibouti
viruses form their own cluster as well and join the Nige-
rian isolate IbNG.
The two subtype G viruses form a single cluster in a
full genome analysis (Fig. 1). Bootscanning the two sub-
type G viruses with each of the other subtypes, plus an
outgroup, reveals the extent to which the two G viruses
are more closely related to each other than to any other
subtype. The five panels in Fig. 2 show the bootscans of
the two G viruses to each other in the presence of
subtypes A through F using subtype B as an outgroup in
all scans. It is clear that subtype G is distinct from
subtypes B, C, D, and F since the bootstrap values of the
nodes do not drop significantly against those subtypes.
On the other hand, with subtype A there are short
stretches of the genome where the bootstrap value of the
node does drop and where the node with subtype A rises
above 70%. The pattern with the bootscan for subtype E
is similar to that of subtype A in the region of the E
genome which derives from the A subtype (gag, pol, and
the accessory genes). As will be discussed in detail later,
the rise in the bootstrap value for the node of the G virus
with the E virus at the end of env is clearly significant and
distinct. From this analysis it can be seen that the G
viruses are a clear and distinct subtype in relation to
subtypes B, C, D, and F but have some ambiguous
relationships with subtypes A and E.
The transcription control region of the LTR of the G
viruses is like that of most other HIV-1 subtypes. There
are two canonical NfkB sites and three Sp1 sites up-
stream from a normal TATAA box. The TAR activation
loop at the 59 end of the viral RNA has a three-nucleotide
bulge similar to those of subtypes B, C, and D rather than
the two-nucleotide bulge characterizing subtypes A
and E.
The gag leader region contains an essential primer
binding site for the tRNAlys (nt 635–652 in UG037) and a
palindrome enabling the two viral genomes to form a
dimer. Like subtypes A and E, the G viruses have an
additional 20 nt immediately downstream from the primer
binding site. This distinguishes these three subtypes
from subtypes B, C, and D. The dimerization palindrome
of HIV-1 found at the tip of a stem–loop structure (nt
733–738 in UG037) exists in two basic forms. For viruses
in the B and D subtypes the palindrome is 59-GCGCGC-
39, while for viruses in the A, C, and E lineage the
palindrome is 59-GTGCAC-39. The newly sequenced sub-
type G viruses have a palindrome characteristic of vi-
ruses of this latter lineage. Thus in several respects the
FIG. 1. Phylogenetic classification of full-length genomes of HIV-1. A
neighbor-joining phylogenetic tree was built using the Kimura two-
parameter method of estimating genetic distance. Numbers next to the
nodes of the tree represent maximum parsimony bootstrap values for
the subtypes. The subtype A isolates used in this and all other trees
were U455 and UG037. Known recombinants were not used in this or
other trees.
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sequence of the primer binding region and the dimeriza-
tion palindrome of the subtype G viruses are similar to
subtypes A and E and different from subtypes B and D.
The IbNG-like viruses
Figure 1 shows that isolates DJ263 and DJ264 cluster
with the recombinant strain IbNG. Bootscanning of the
entire genome revealed that they are similar to each
other (Fig. 3, top panel) and similar to the Nigerian
isolate, IbNG (Fig. 3, middle panel). This genomic simi-
larity demonstrates that the same virus had spread in
both Nigeria, on the western side of Africa, and Djibouti,
on the eastern side.
When the Djibouti virus was bootscanned with sub-
types A and G, however, it was clearly a mosaic. Figure
3 (bottom panel) shows the bootscan of the node joining
one of the Djibouti isolates with either subtype A, sub-
type G or an outgroup (subtype B). The complexity of this
strain is readily apparent, with alternating segments
clustering with subtypes A and G, as well as segments
that do not cluster significantly with either subtype.
Based on the breakpoints identified by bootscanning and
distance scanning, the DJ263 virus was divided into 10
different segments, with breakpoints shown (Fig. 3, bot-
tom panel), for further analysis. In each segment DJ263
was compared to isolates DJ264, IbNG, SE6165, HH8793,
and available reference sequences from other subtypes.
Figure 4 shows the results for the 59 half of the ge-
nome. In the LTR and the gag leader region, the Djibouti
strains cluster with subtype G. Moreover, they share the
structural features of the subtype G LTR mentioned
above, with two NfkB sites, a three-nucleotide TAR bulge,
and a ‘‘GTGCAC’’ palindromic sequence at the apex of
the dimerization loop. These combined data establish
that the LTR and gag leader region of the Djibouti strains
is subtype G.
In the adjacent segment, beginning at the 59 end of
gag and extending to the beginning of the protease open
reading frame, the Djibouti strains cluster instead with
subtype A. Moreover, the larger number of available
sequences for the gag region permits a partial resolution
of subclusters within subtype A. The African and Asian
subtype E strains form one subcluster, with a 97% boot-
strap value. Strains IbNG, DJ263, DJ264, and several
other strains, including isolates IC144, CI51, CI20, and
CI59 from Ivory Coast and isolate LBV23-1 from Gabon,
FIG. 2. Bootscans of the subtype G viruses with each other. Isolate SE6165 (subtype G), HH8793 (subtype G), and MN (subtype B) were used to
bootscan the genome in segments of 300 nt with an overlap of 50 nt. Five bootscans are shown: each was done in the presence of one other subtype:
subtype A (UG037), subtype C (C2220), subtype D (NDK), subtype E (CAR402), and subtype F (F9363). The thick black line is the bootstrap value of
the node between G and G, the thin black line is the bootstrap value between G and the outgroup (subtype B), and the thick gray line is the bootstrap
value joining G with the other subtype.
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form a second subcluster within subtype A. This subclus-
ter has a bootstrap value of 100%. This establishes a
monophyletic cluster of isolates first represented by
IbNG and now including DJ263 and DJ264, plus other
strains. The remaining subtype A strains do not form a
significant cluster of their own. The shift in subtype of the
IbNG viruses, from subtype G in the LTR to subtype A in
gag, clearly establishes that they are A/G recombinants.
Multiple recombination breakpoints were also identi-
fied in the pol gene (Fig. 4). In the segment encoding the
protease gene, the Djibouti strains again formed a sep-
arate subcluster but the branch length separating sub-
types A and G was very short, precluding a definitive
assignment of this segment to either subtype A or G.
Resolution between subtypes A and G was clear, how-
ever, in the remaining segments of pol. The segment
encoding most of the reverse transcriptase and that
encoding the integrase gene were of subtype G, while
the intervening segment containing the reading frame for
RNase H and the dimerization sequences enabling het-
erodimer formation of the RT was of subtype A (Fig. 3,
trees IV–VI).
Thus the 59 half of the genome of the IbNG-like strains,
including IbNG, DJ263, and DJ264, apparently contains at
least five breakpoints between segments from subtypes
A and G (Fig. 4). Analysis of the 39 half of the genome is
presented in Fig. 5.
The 1.3-kb accessory gene region, beginning with the
ATG of vif and ending at the end of vpu, yielded no
segments of any given subtype large enough to be con-
firmed. There is one segment of the vpu gene which is
too small for phylogenetic confirmation but which ap-
pears to derive from subtype G (data not shown). It is
found in the 59 half of the gene (L21-V48 in UG037 vpu)
and leads to changes in six amino acids which are
common to IbNG and G but different from other sub-
types.
The external portion of the envelope gene, including
gp120 and external gp41 coding regions, derives from
subtype A in the Djibouti strains, in accord with their
previous classification as subtype A based on envelope
sequences. This subtype A segment contains receptor
and coreceptor binding domains and the fusion domain.
Although the association of the Djibouti viruses with
subtype A is very strong in this region (Fig. 5, tree VIII),
there are several regions which are too short for sepa-
rate phylogenetic analysis, where the subtype A associ-
ation is weaker (data not shown).
FIG. 3. Bootscans of the IbNG viruses. (Top) Isolate DJ263 (subtype IbNG), DJ264 (subtype IbNG), MN (subtype B), and C2220 (subtype C) were used
to bootscan the genome in segments of 500 nt with an overlap of 250 nt. (Middle) Isolate DJ263 (subtype IbNG), IbNG (subtype IbNG), MN (subtype
B), and C2220 (subtype C) were used to bootscan the genome in segments of 500 nt with an overlap of 250 nts. (Bottom) Isolate DJ263 (subtype IbNG),
UG037 (subtype A), SE6165 (subtype G), and MN (subtype B) were used to bootscan the genome in segments of 300 nt with an overlap of 10 nt. The
bootstrap value of the node joining DJ263 with subtype A (thick, black), subtype G (thick, gray), and subtype B (thin, gray) are plotted. Bootstrap values
below 70% (dotted line) are considered nonsignificant. The location of the segments in the full-length alignment is shown above the bootscan,
numbered with roman numerals. (There are 10,258 nt in the alignment due to spaces introduced in order to align all the isolates.)
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For most of the cytoplasmic domain of gp41, from the
external boundary of the membrane-spanning domain to
approximately 200 nucleotides from the end of envelope
(nt 8263–8560 in UG037), the subtype association of the
Djibouti strains was clouded. Figure 5, tree IX represents
this segment. The Djibouti strains and IbNG were sepa-
rated from subtype A, but clustered with subtype G and
the subtype E viruses. It is unclear whether this segment
derived from subtype G, IbNG itself, or from the A/E
recombinant viruses. Nonetheless, the association of the
Djibouti strains with subtype A in the external envelope
is clearly interrupted in the cytoplasmic portion of gp41,
where the lack of subtype A association is definitive.
Finally, the last 200 nt of envelope and the 59 portion of
the nef gene were analyzed (Fig. 5, tree X). The tree for
this segment resembled that for the protease gene (Fig.
4, tree III) and the accessory gene regions (vif, vpr, vpu,
Fig. 5, tree VII) in its topology. The Djibouti strains, the
subtype E strains, and the subtype G strains each formed
a significant cluster, but the subtype A strains did not
form a significant cluster on their own. In both regions,
the node separating the A, E, G, and IbNG-like strains
from other subtypes was high, but the branch lengths
within this ‘‘supercluster’’ were much longer than those
within a single subtype. Thus the subtype origin of these
segments is unclear.
The 39 portion of the nef gene overlaps the LTR and, in
this region, the Djibouti strains are subtype G, as is the
remainder of the LTR (Fig. 4, tree I). Thus the 59 portion
of the Djibouti virus genomes contains at least two, and
possibly up to four, breakpoints between different sub-
types; the most definitive breakpoints were in envelope,
where the external portion clusters with subtype A but
most of the internal portion of gp41 does not (compare
Fig. 5, trees VIII and IX), and in nef, where the 59 portion
is too distant to be reasonably included in subtype A (Fig.
5, tree X) but the 39 portion clearly belongs to subtype G
(Fig. 4, tree I).
Overall structure of subtype G and subtype IbNG full-
length genomes
The deduced overall structures of the subtype G and
subtype IbNG viruses are diagrammed in Fig. 6, along
with the structures of subtype A and subtype E. In the
subtype A and G viruses, the LTR, gag, pol, and external
FIG. 4. Phylogenetic classification of the 59 half of the IbNG genome. (Top) All trees were built with the neighbor-joining method using maximum
parsimony bootstrap values to estimate the stability of the nodes. (Tree I) LTR and gag leader region (nt 1–808 on UG037). (Tree II) Gag gene (nt
809–2171 on UG037). (Tree III) Beginning of the pol gene (nt 2098–2641 on UG037). (Tree IV) Middle of the pol gene (nt 2642–3290 on UG037). (Tree
V) Middle of the pol gene (nt 3291–4190 on UG037). (Tree VI) End of the pol gene (nt 4191–4890 on UG037). (Bottom) The segments used to build the
trees (subtype A (black), G (gray), and unassigned (white), and the roman numerals for the corresponding tree in the upper panel.
26 CARR ET AL.
envelope genes appear to be distinct and without evi-
dence of recombination with other subtypes. In contrast,
the IbNG and the E viruses have genome segments from
different subtypes; the IbNG strains appear to possess
an LTR and parts of the pol gene from subtype G,
whereas gag, the remainder of pol, and most of the
envelope are of subtype A. Some of these features are
shared with the E recombinant viruses, where the LTR
and part of the envelope come from subtype E but the
gag/pol region is of subtype A.
FIG. 5. Phylogenetic classification of the 39 half of the IbNG genome. A phylogenetic tree was built with the neighbor-joining method using the
Kimura two-parameter method of estimating genetic distance. Bootstrap values reflecting the stability of the nodes were computed using maximum
parsimony. (Tree VII) Accessory gene region (nt 5013–6335 on UG037). (Tree VIII) Extracellular portion of envelope, gp120, and the extracellular portion
of gp41 (nt 6253–8318 on GU037). (Tree IX) Portion of the intracellular region of gp41 (nt 8319–8615 on UG037). (Tree X) Last 200 nt of env and first
350 nts of nef (nt 8616–9144 on UG037). (Bottom) The segments used to build the trees, subtype A (black), G (gray), and unassigned (white), and the
roman numerals for the corresponding tree in the upper panel.
FIG. 6. Diagram of the subtype structure of subtypes A, E, G, and IbNG. The diagram shows subtype A regions (red), subtype G regions (blue),
subtype E regions (gold), and regions of uncertain origin (stippled).
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DISCUSSION
The first two full-length sequences of subtype G are
presented here and were found to be of the same sub-
type from one end of the genome to the other. The two G
isolates, one from the Congo and one from Kenya, do not
have clear regions of recombination with other subtypes.
The full-length G sequences provide a critical backdrop
for evaluating the Djibouti strains. Two new full-length
sequences from Djibouti are presented and were found
to be similar to a previously described isolate from Ni-
geria. In 1994, IbNG, a new subtype A isolate from
Ibadan, Nigeria, was reported based on the sequence of
gp120 and the first 76 amino acids of gp41 (Howard et al.,
1994). This report was followed in 1996 with the full-
length sequence and a description of the virus as a
distinct subcluster within the A subtype, based on gag
and env sequences (Howard and Rasheed, 1996). Later
in 1996, the full-length sequence was analyzed by
bootscanning and was reported to be a recombinant
between subtype A and another subtype (Gao et al.,
1996). Now, with the subtype G sequences known, it can
be demonstrated that IbNG is a recombinant between
subtype A and subtype G. The new Djibouti viruses show
the same complex structure of intersubtype recombina-
tion as IbNG. To facilitate identification, analysis, and
tracking of these viruses, it is suggested that this viral
subtype, which has an A/G recombinant structure, be
given the name of its first identified isolate: IbNG. The
nomenclature ‘‘A/G’’ cannot be applied because A/G re-
combinants with structures distinct from IbNG (Choi et
al., 1997) have already been described. Among the sub-
types of HIV-1, then, there are at least two which are
recombinant: IbNG and E.
The intracellular portion of gp41 is a region of the
HIV-1 genome where recombination has been previously
seen (Carr et al., 1996; Gao et al., 1996; Douglas et al.,
1996). A breakpoint at the membrane-spanning domain
of envelope renders the subtype of the external portion of
the envelope protein distinct from the subtype of the
internal portion. As shown in Fig. 6, the G viruses, the E
viruses, and the IbNG viruses all have closely related
sequences in that region and those sequences are
clearly distinct from the sequences which characterize
subtype A. It is not clear with which subtype the segment
originated.
The majority of the genome in the viruses described in
this report can be definitively attributed either to subtype
A or to subtype G. In the coding regions for protease and
the regulatory genes, however, definitive subtype assign-
ment was not possible. The IbNG strains, the subtype E
strains, and the subtype G strains each formed a signif-
icant cluster, but the subtype A strains did not. In these
regions, the bootstrap value of the node separating the
A, E, G, and Djibouti strains from other subtypes was
high, but the branch lengths within this ‘‘supercluster’’
were much longer than those within a single subtype.
The reasons for this topology are unclear, but several
possible explanations can be proposed. Perhaps there
are multiple small segments of subtype A and subtype G
in these regions which are too short to analyze with
confidence. Another possibility is that these regions de-
rive from subtypes not known at the current time, but
which could have been the original parent of each before
recombination with subtype A. Finally, the overlapping
reading frames in the protease and the accessory gene
region may impose constraints that contribute to a dis-
tinct phylogenetic topology. But it is also possible, in
addition to the explanations mentioned, that the evolu-
tionary process reflected in the phylogeny of the regula-
tory genes is distinct from that of the structural genes.
Importantly, geographic dispersion of the IbNG sub-
type is clearly demonstrated by the presence of the
isolates in Nigeria and in Djibouti, two African countries
which are 4000 km apart. Thus the IbNG strain, with its
distinctive recombinant structure, should be considered
a spreading subtype. If the isolates which group with the
IbNG subtype in gag and env are also considered mem-
bers of this subtype, which could only be confirmed with
additional sequencing of their genomes, then its geo-
graphic range would include the Ivory Coast, Zaire, and
Gabon (Louwagie et al., 1993, 1995; and unpublished
data), as well as Djibouti and Nigeria. Comparison of the
genetic diversity within the IbNG subtype with the ge-
netic diversity within other subtypes clearly demon-
strates that this recombinant subtype is as old as the
nonrecombinant subtypes. It does not have the low ge-
netic diversity which characterizes the recent Thai epi-
demic (Figs. 1, 4, and 5; TH253 and CM240). Surveys in
Nigeria and Cameroon suggest that this virus is more
common there than the nonrecombinant subtype A, ini-
tially characterized by sequences from Uganda (Oram et
al., 1990; Gao et al., 1996). Further details about the
genetics of the A subtype await the analysis of additional
full-length sequences from east and west Africa.
It is clear that HIV-1 subtype A has recombined signif-
icantly with other subtypes to form a complex patchwork
of related sequences. At this point in time we know of
two major subtypes which have been formed out of
recombination with the A subtype, subtype E (an A/E
recombinant), and subtype IbNG (an A/G recombinant).
The evolutionary explanation for the complex and inter-
woven nature of the phylogeny of these four subtypes is
far from clear. It is likely that each of the four subtypes
arose in central west Africa, where there clearly was
opportunity for multiple recombination. The etiologic driv-
ing force for this remains unknown. Determining the
genetic elements of the ‘‘true’’ subtype A and distinguish-
ing them from the results of recombination is an ongoing
challenge.
As the pandemic of HIV-1 infection spreads, it be-
comes more and more clear that the geographic distri-
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bution of subtypes and the composition of important
strains in the epidemic is dynamic and unpredictable.
Even the preponderance of subtype B, which character-
ized the early epidemic in the United States and Europe,
is eroding over time (Brodine et al., 1995, 1997; Hu et al.,
1996; Anderson et al., 1996; Alaeus et al., 1997; Åsjo¨ et al.,
1997; Irwin et al., 1997). In order to develop appropriate
vaccines and comprehensive diagnostic assays and to
track drug resistance, it will be increasingly important to
know the underlying molecular epidemiology of HIV-1 in
the population studied. This is particularly critical for the
subtypes and recombinants which have caused epi-
demic disease. Full genomic analysis will also enhance
immunologic evaluations of cross protection. Our study,
and others, reemphasize the value and, in some regions
of the world, the near necessity of complete genome
sequencing and analysis for HIV-1.
MATERIALS AND METHODS
Viral isolates. SE6165 was isolated from a Congolese
man living in Sweden; his clinical status, as well as
sequences of p17, RT, and part of env, is presented in
detail elsewhere (Leitner et al., 1995). HH8793 is a virus
isolated from an asymptomatic Finnish woman with ex-
posure to a seropositive man who had lived in Kenya.
DJ263 and DJ264 were isolated from French foreign le-
gion soldiers assigned to peacekeeping in Djibouti in the
late 1980s (Louwagie et al., 1995). The clinical status of
the patients at the time of the blood collection was
unknown. Peripheral blood mononuclear cells (PBMCs)
were separated on Ficoll–Hypaque and were coculti-
vated with phytohemagglutinin-stimulated donor PBMCs
as described previously (Burke et al., 1990). High-molec-
ular-weight DNA from the p24 antigen-positive culture
was the source of the proviral DNA.
PCR amplification and cloning. Using a recently de-
scribed procedure for amplification of virtually full-length
HIV-1 genomes (Salminen et al., 1994b), the proviral se-
quence was obtained in one continuous segment. The PCR
primers were positioned to amplify all but 73 nt of the HIV-1
long terminal repeat (LTR). SE6165 and HH8793 were TA
cloned as described (Salminen et al., 1995b) and the two
Djibouti viruses were cloned into the Sac1 site of pBR322.
SE6165, HH8793, and DJ263 were cloned as one 9-kb
segment, while DJ264 was cloned in two overlapping seg-
ments due to difficulties in cloning the 9-kb segment.
DNA sequencing. Template DNA for automatic se-
quencing was prepared as described previously (Salmi-
nen et al., 1995b). Clones were fully sequenced on both
strands by using fluorescent dye terminators and an
Applied BioSystems (Applied Biosystems Inc., Foster
City, CA) Model 373A DNA sequencer. DNA sequences
were assembled using Sequencher software (Ge-
necodes Inc., Ann Arbor, MI) on Macintosh computers.
All sequence ambiguities were resolved. Previously, var-
ious genes from all of these isolates were PCR amplified
separately and sequenced (Leitner et al., 1995; Louwagie
et al., 1995). Comparison of the full-length sequences
with the earlier sequences showed the level of genetic
similarity expected with independent amplifications from
the same culture DNA (data not shown).
Analysis. A multiple alignment of the four new full-
length sequences with all available full-length HIV-1 ge-
nomes of other subtypes was generated, permuting the
viral sequences into the proviral form. Gaps which had to
be introduced in order to create the alignment were
eliminated in the final analysis. Reference isolates of
subtype A (U455 and UG037 from Uganda, 1990–1992),
subtype B (MN and NL4-3 from the United States, 1986–
1988), subtype C (C2220 from Ethiopia, 1986; BR025 from
Brazil, 1992), subtype D (ELI, NDK, Z2Z6 from Zaire,
1986–1989), and subtype E (CM240 and 93TH253 from
Thailand, 1990 and 1993; and 90CR402 from Central
African Republic, 1990) (Theoretical Biology and Biophys-
ics Group, 1995) were used. The multiple alignment was
then broken into overlapping segments of equal length
and each segment was analyzed separately. Briefly, phy-
logenetic trees were constructed and the consistency of
branching order was evaluated using SEQBOOT, DNA-
DIST, NEIGHBOR, CONSENSE, and DNAPARS modules
of the Phylip package (Version 3.52c) (Felsenstein, 1989)
and TREETOOL (Maciukenas, 1994). ‘‘Bootscanning,’’ an
analytic approach which tracks the bootstrap value of the
node joining an unknown sequence with known se-
quences progressively across the genome, was used to
identify putative recombination breakpoints (Salminen et
al., 1995a). A bootstrap value equal to or greater than
70% was considered definitive (Hillis and Bull, 1993). In
addition, ‘‘distance scanning’’ (Carr et al., 1996) was per-
formed by computing the genetic distances between
isolates using the Kimura 2-parameter method with a
transition–transversion ratio of 2.0, and the distance of
the unknown isolate to isolates of known subtypes was
evaluated for each segment. Distances which were less
than the distance between subtypes were considered
suggestive of possible recombination. Using these two
scanning techniques, breakpoints were identified and
the segments were then used in separate phylogenetic
analyses. Each segment was analyzed by building a
phylogenetic tree using neighbor-joining (Saitou and Nei,
1987) and the stability of the nodes assessed with max-
imum parsimony (Swofford, 1991; Felsenstein, 1989) with
the bootstrap (Felsenstein, 1985). The nucleotide posi-
tions of breakpoints and other sites of interest are des-
ignated with respect to reference isolate HIV92UG037
(GenBank Accession No. U09127).
Nucleotide sequence accession numbers. The full-
length sequences of isolates HH8793 and SE6165 are
available under GenBank Accession No. AF061640 to
AF061642. The GenBank accession numbers of DJ263
and DJ264 are AF063223 and AF063224, respectively.
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